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Technical field 
This invention concerns methods of manufacturing metal objects 
with elaborated internal chambers for weight reduction and/or for 
more effective cooling. Precisely this is a method of manufacturing 
hollow objects with elaborated cavities such as gas turbine blades, 
optical systems for powerful lasers, internal combustion chambers, 
etc., which are widely used in turbine production, automobile and 
aviation industry and laser manufacture. 

Technical level 
Vast numbers of methods exist for manufacturing hollow objects 
with cavities and channels by means of casting, welding, brazing of 
identically manufactured parts, and also by plasma jet spraying. 

Mechanical pressing with subsequent diffusion welding or 
brazing of individually manufactured parts presents a high degree 
of difficulties, particularly for objects with elaborated cavities, 
while casting methods usually do not allow to produce objects with 
a wall thickness of less than 1/16 inch. 

USA Patent # 2,676,699 and USA Patent ^4,287^932" suggest' the' 
use of molybdenum inserts to produce cast metal objects with 
channels. The molybdenum is removed from the finished article by 
heating it to a temperature which is sufficient to oxidize the 
molybdenum and to sublimate the formed oxide. The result are hollow 
channels of a given shape that are formed instead of the molybdenum 
insert. These operations cannot be performed simultaneously however 
and the process requires several stages. 

USA Patent # 3,407, 864 suggests using a core, particularly 
one made of pressed and baked salt, positioned instead of the cavity 
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in the formed object, assuming that the salt can be easily removed 
by dissolution in water. 

USA Patent # 2 r 64 1,439 and USA Patent # 2,696,364 suggest 
filling cavities and channels by using materials such as aluminum, 
which can be alkaline-washed with caustic soda, cadmium which can 
be sublimated by heating, wax with graphite, and other easily melted 
materials. 

West German Patent ':# 3327218.2 suggests constructing a turbine 
blade from a longitudinal member and a brazed shell. The shell 
consists of a layer of metallic felt and a layer of ceramic material 
which is plasma jet sprayed on its outer surface. 

Great Britain's claim # 2172060A considers the integral 
construction of turbine disks with hollow blades. The blades are 
manufactured from sheet metal with subsequent brazing, flame 
spraying or plasma jet spraying. This method allows to create the 
shell from alloys, ceramics and multilayer metal-ceramic plating. 
Filling the grooves with temporary materials which are later removed 
by alkaline washing is also considered. 

Some information exists about the possibilities of cathbde-iray 
application of various types of plating to improve the properties 
of the products and to manufacture blades with a developed cooling 
channel system (Vestnik Academy of Science, USSR # 7, 1985, p. 29). 
However the information does not provide any method of producing 
hollow metal objects with elaborated cavities. 

The closest method of manufacturing hollow metal objects with 
elaborated cavities is described by USA Patent # 4,574,451. We used 
it as a prototype. This method assumes the use of so-called 
sacrificial (expendable) material to produce objects with channels 
by shaping the sacrificial material as the future channels, plasma 
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jet spraying It to form the body of the object from the desired 
material and then removing the sacrificial material. Realizing this 
method suggests manufacturing the framework of an alloy, with 
grooves and pockets on the outer surface which correspond to the 
desired internal measurements of the finished product , filling the 
grooves and pockets with easily removed material by means of plasma 
jet spraying, creating an outer shell of the desired thickness and 
then removing the expendable filler, followed by a thermoplastic 
treatment • 

The above-mentioned methods, including the one described in 
USA Patent # 4 ,574, 451 r allow manufacturing objects with relatively 
wide and straight channels. The system of cooling channels with 
many branches and the narrow channels used most often in practice 
cannot be manufactured with the above-mentioned methods , because the 
suggested washing methods and the chemical removal of sacrificial 
material do not remove them from the long and narrow channels of the 
branched system, and the melting or sublimation of the sacrificial 
material into the surrounding material has very limited application 
due to the difficult choice of materials, which should have a much 
lower melting point and must not change the chemical composition of 
the base material and deteriorate its mechanical properties. 

In addition superalloy castings with very high mechanical 
strength are presently used for the blade material. Only homogeneous 
plating of a high-temperature strength alloy can be obtained with 
plasma jet spraying as described in USA Patent ft 4,574,451, however 
the plating will be substantially inferior to the superalloy casting 
in regard to its physico-mechanical properties because of defects 
(such as pores or surface irregularities and nonmetallic impurities) 
and the inability to ensure the necessary internal structure . To 
produce the desired internal structure and the mechanical properties 
of the plating, the plating material must undergo a complex therato- 
mechanical treatment which cannot be carried out using superalloys 
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as the base material for the blade framework with directed crystal- 
lization or a monocrystalline structure. Finally the above -mentioned 
methods cannot always provide a sufficiently strong linkage between 
the plating and the framework material. 

Essence of the invention 
The task of this invention is based on improving the manufac- 
ture of hollow objects with elaborated cavities by the application 
of cathode-ray sublimation which may allow to obtain covers of the 
desired thickness not only from homogeneous materials r but also by 
varying multilayered and micro layered condensed materials of a 
complex composition which can approach the base material of the 
framework by its structure and main physico-mechanical properties. 
A thin layer of easily melted metal or of a material that is able 
to develop eutectic low-temperature with the sprayed material should 
be presprayed on the outer surface of the framework in order to 
decrease coating defects due to surface roughness. An improvement 
can also be obtained by using easily removed material which can 
sublimate at the time the product is thermally treated. 

The problem is solved by the suggested method of manufacturing 
hollow objects with elaborated cavities which includes: the pre fab- 
ric at ion of " t he~ al Xoy framework to provide the necessary structural 
strength, with grooves r channels and/or pockets on the outer surface 
which correspond to the given internal dimensions of the product; 
filling the grooves and/or pockets with easily removed material by 
means of spraying or as a dross; creating coatings of the desired 
thickness; removing the easily removed filler material from the 
channels; a thermoplastic treatment where the coating of the 
desired thickness is created by means of the cathode-ray spraying 
method starting with the initial thin layer of easily melted metal, 
or a material able to develop eutectic low-temperature with subse- 
quently sprayed material, and sublimating the easily removed filler 
during the thermal treatment of the product. 
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The realization of this method allows to manufacture hollow 
objects of any desired complexity, to produce non-separating links 
of any shape with internal channels for highly effective cooling, 
and/or cavities for weight reduction. A multilayered or gradually 
varying structure is formed by vacuum cooling every layer. 

It is useful to form the coating one layer at a time to create 
a multilayered or gradually varying cover with the desired chemical 
composition and physico-mechanical properties. A subsequent thermo- 
plastic treatment can create a coating of the desired stable 
structure and a homogeneously layered or gradually varying composi- 
tion. With this method of manufacturing hollow objects with 
elaborated cavities, the cathode-ray spraying is responsible for the 
ability to create thick coatings of the desired thickness not only 
from homogeneous materials, but also from gradually varying multi- 
layered and microlayered condensed materials with complex structures 
which are able to approach the base material of the framework with 
respect to structure and main physico-mechanical properties. The 
preliminary spraying of the framework with a thin layer of easily 
melted metal, or a material that is able to develop eutectic low- 
temperature with the sprayed material allows to cover micro-defects, 
reduces the roughness of the internal surfaces of pockets and 
channels ,~ arid increases the adhesive strength of the link between 
the coating and the framework. . 

It is advisable to use chlorides or fluorides and/or their 
mixtures as a base for the easily removed material, where the 
composition depends on the working temperature of the coating. 
Active and inactive additives can be mixed in to improve the 
mechanical and thermal properties of the mixtures and to modify the 
structure and the properties of the internal surfaces of the 
channels during the spraying and the thermoplastic treatment. The 
use of materials which are able to sublimate at the time of the 
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thermal treatment allows to create the desired branched system of 
narrow cooling channels. 

Brief description of the drawings 
The invention is illustrated below by several examples of its 
practical application and drawings where: 

Figure 1 is a sketch of a hollow object (gas turbine blade) with 
channels and a coating which can be manufactured using 
the method of the invention claimed in this article (in 
cross section) . ' 

Figure 2 clarifies the application of the method to obtain a 
coating on rotating bodies and flat disk-like objects. 

Figure 3 is a sketch of a fragment of framework for manufacturing 
hollow compressor blades with blind bores on the outer 
blade surface (in cross section)* 

A detailed description of the claimed invention method of 
manufacturing hollow objects with elaborated cavities is provided 
below and refers to figures 1, 2, 3, as necessary. 

" - Detailed description of the invention 

The essence of the suggested method is as follows. According 
to the invention (figure 1) , hollow objects with elaborated cavities 
are manufactured by cathode-ray sublimation with later condensation 
from the gas phase on the framework 1, which has a cooling channel 
system and/or weight reducing cavities 2 that are produced on its 
surface and are filled with easily removed material. 

The base material of the framework can be any alloy which can 
provide the necessary strength to the structure. The cathode-ray 
method should be applied to cover the framework with a metal. 
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ceramic or metal -ceramic coating 4, which has the desired complex 
of physico-mechanical properties. 

Filling the channels and pockets on the framework with easily 
removed material can take place with one of the available methods: 
flame or plasma jet spraying, or in the form of paste or dross with 
a subsequent mechanical treatment (to fill deep and narrow channels 
as well as large pockets ) . In the case of a dross water solution 
of an alumino-chromo-phosphate binder, a sodium silicate solution 
(water glass), sodium meta-aluminate or other nonorganic binders 
should be added to the dry powder mix. The amount of the binder 
depends on its type and should provide the necessary strength and 
malleability. 

The easily removed aggregate fills all the channels and 
pockets on the surface of the framework, level with the channel 
ridges. If the used filler is in a pastelike form, any excess 
should be mechanically removed after the paste has dried, so that 
the channel ridges are completely clean. 

Chlorides, fluorides and their mixture can be chosen as the 
base of the filler compound depending on the required temperature 
at the time of the coating to acThieve" an adhesive bond between the 
framework and the sprayed material and to obtain a dense equiaxial 
structure of the sprayed coating. The sublimation temperature must 
exceed the coating temperature by 50 to 100°C. 

In addition to the selected salt, the filler compound may 
contain active and inactive additives suclTSas: powdered aluminum, 
yttrium, boron, carbon, etc. and their mixers in the form of powder 
or fibers. The additives can improve the mechanical, thermal and 
heat r- transferring properties of the compound. They can also modify 
the structure and the properties of the internal layers of the 
coating. The ratio of additives to salt can reach 10% and depends 
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on the channel width and the coefficient of thermal expansion of the 
base material. The principal purpose of the additives is to 
increase the coefficient of thermal expansion of the salt. 

As a rule the coating contains a substantial number of 
defects, particularly at the juncture of the channel ridge walls and 
the filler compound. Therefore one layer of a nonhomogeneous 
structure and composition should be initially sprayed. Depending 
on the requirements of the final product after the corresponding 
thermal and/or mechanical treatment, this layer becomes a coating 
of the necessary thickness with a given stable structure and 
composition, and can be homogeneous as 5, gradually varying as 6 or 
multilayered as 7 in figure 1 • 

In multilayered compositions, every layer has its own purpose 
to carry out its functional load; it may have a different structure 
and be gradually varying, homogeneous or microlayered in itself. 

The application of the cathode-ray spray methods allows the 
easy manufacture of microlayered metal, metal-ceramic or even 
ceramic compounds with the desired materials and thicknesses. It 
should be pointed out that the microlayered configuration can be 
transformed into a homogsnsous structure by thermoplastic treatment 
or remain microlayered with the desired complex of physico-mechani- 
cal properties. 

The sprayed material 4 forms the outer surface of the final 
product and is attached by strong adhesion to the ridges of the 
channels in the framework. When the spraying is completed, the 
filler material is removed from the formed channels by sublimation 
from the solid state at the time of the thermal treatment in vacuum 
through technological openings of any size and length, in this way 
forming the cooling channel system or the weight reducing cavities. 
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Depending on the size of the objects, their shape and the 
required number, the coating can be applied by using two major 
techniques (figure 2): 

a - Rotating symmetrical bodies, such as for example gas turbine 
blades 1, can be placed on the horizontal shaft 2. Several 
sources of sublimation 3 can be used for different materials. 

b - Flat disk-like objects as well as rotating symmetrical bodies 
can be placed on the vertical shaft 4 • 

In the first case, the application of multilayered and 
gradually varying coatings is best, the second case is preferably 
used for gradually varying and microlayered structures. Partition 
5 may be used for microlayered structures where sprayed materials 
are deposited by turns on rotating objects, producing microlayered 
structures with a layer thickness that depends on the deposition 
rate and the rotational velocity. 

RYAmplefl of the practical application of the invention 
This invention is oriented towards the manufacture of objects 
with elaborated internal cooling cavities or the manufacture of 
light-weight construction operating under extreme high and extra- 
high tcMBp^a^fl*#~^ loads. The inventiorr - 
was developed for manufacturing a broad range of objects from 
different materials which require a high degree of effective cooling 
and/or weight reduction, such as for example blades or vanes of 
compressors and aviation engine gas turbines, aviation and rocket 
engine nozzles, reflectors for powerful laser systems, etc. 

Any alloy that assures constructive strength can be used to 
form the framework. The surface of this framework should have the 
grooves, pockets and technological channels of the desired size and 
configuration prefabricated by one of the well known methods such 
as precision casting, mechanical or electrical erosion. 
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These channels and pockets are filled with the mixture which 
is prepared in advance. The content of the mixture and the filling 
method depends on the framework material (table 1) and the outer 
shell material respectively, and on the geometric dimensions of the 
channels and cavities* In some cases it is advisable to spray the 
filler mixture by means of flame or plasma jet, and in some cases 
of narrow and deep channels in a dross manner. 

Chlorides, fluorides and their mixtures can be used as the 
base of the aggregate mixture , which can be sublimated in vacuum by 
heating to the corresponding temperature. To manufacture blades of 
nickel superalloys for example, sodium fluoride with a sublimation 
temperature of 850°C can be used as a rule, or 980°C magnesium 
fluoride, or 900°C double salt of sodium and magnesium fluorides. 

Lithium fluoride can be used for the titanium alloys, sodium 
chloride is best for copper. The starting sublimation temperatures 
for these materials in vacuum are 750°C and 700 °C respectively. 

When using the cathode-ray method, a coating of the required 
thickness is sprayed on the framework to produce an integral link 
with the ridges of the channels ♦ 



To eliminate defects in the coating, a thin layer of an easily 
melted metal can be applied, or a material which can develop into 
a eutectic alloy with the material to be applied. This easily 
liquefied layer melts under the coating temperature to fill all the 
microdef ects. Table 2 provides some examples of easily melted 
materials used for different framework materials such as aluminum, 
or aluminum-yttrium, which together with the sprayed nickel produce 
a low-temperature yttrium-nickel at the eutectic temperature of 
960°C. The suggested method allows obtaining a good adhesive bond 
between the framework and the coating materials. 
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Example #1 

Manufacture of a blade with a cooling channel system by means 
of multilayered functional plating 

The suggested invention allows to obtain objects of the type 
of a gas turbine blade with an elaborated we 11 -developed system of 
interwall cooling. The technological strategy is as follows: 

1. The surface of the blades by means of the casting or electro- 
erosion method and optimum geometric dimensions and configurations 
from the heat effectiveness point of view. 

2. The channels are filled with an easily removable paste based 
on double salt of sodium and magnesium fluoride. Water soluble 
sodium me t a- alumina te is used as a binder • 

3. The dried paste is thoroughly sanded until the ridges of the 
channels are clean and the surface is smooth. 

4. The cathode-ray method is applied for multilayer coating with: 

a) an internal damping layer of Ni-15Fe-20Cr-3Al-Y 6 = 50-70 mKm 

b) " ^ p a load-bearing layer with high- temperature strength of Ni- 

10Co-20Cr-5Al-10Mo-Y, 6 = 120-200 mKm; 

c) a heat-resistant layer of Ni-20Cr-llAl-Y, 6 = 50-70 mKm; 

d) an outer thermal barrier layer of ZrO a -8% Y a 0 3 , 6 = 120-150 mKm 

5. After each layer is sprayed, the item undergoes a thermo- 
mechanical treatment. The main task of the thermal treatment after 
the first layer is to remove the filler material, the main task of 
the following thermo-mechanical treatment is to consolidate the 
microstructure by applying micro-bearings, (bombarding with micro- 
balls or spheres) and relieving the residual stress. 
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Example # 2 

The framework is prepared and the channels of the blade are 
filled in the same way as in example #1. In this case the filler 
mixture is based on powders with the following contents: magnesium 
fluoride - 95% by weight, the alloy Al- 20Y - 5% by weight. The 
excess of the aggregate is mechanically cleaned. 

The initial layer of yttrium or aluminum-yttrium is sprayed 
on the thus prepared surface by means of the cathode-ray method at 
a temperature of 800-850°C. After that the temperature is sharply 
increased to 950-970°C before the coating is started. To create the 
high-temperature strength coating at a high temperature, the nickel 
matrix is additionally alloyed (doped) with refractory metals 
(molybdenum, niobium, hafnium) by sublimation from a separate source 
(strategy 2b). Alternating layers of the nickel matrix and the 
refractory additive have an optimum thickness ratio of 1.5 : .3 mKm. 
This structure is meta-stable and can be converted into a homogenous 
thermostable composition with a high-temperature vacuum treatment. 

To increase the refractoriness, the inner and outer layers of 
the coating are sprayed without easily melted additives. 

Removal of the filler Ed-x^xrLe takes -place at the time of the 
thermal treatment after the coating is formed, at a temperature of 
1160°C for 3 hours. 

Example 83 

Manufacture of hollow titanium compressor blades 

In response to the currently growing demand for effective gas 
turbine engines, different methods of manufacturing hollow blades 
of titanium alloys for fans and compressors are being studied. 
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Some hollow compressor blades were manufactured in accordance 
with the claimed invention. The framework (figure 3), which had the 
finished form of a compressor blade made of an alloy BT-6 (Ti6Al4V) , 
was drilled on the inside to form several blind drilled holes 1 with 
a substantial portion of the blade metal being removed ( figure 3 ) • 
The separate cavities were connected by shallow surface grooves 2 • 
At least one of the cavities is connected by longitudinal drilling 
3 with the blade-locking piece. 

The following compound was prepared as the filler mixture: 
lithium fluoride as a light volatile component of 95% by weight; 
powdered aluminum with a particle size of 200 mKm as an inoculant 
of 5% by weight. 

The water glass with a density of 1.17 g/cro 3 was added to the 
powder mixture and the resulting paste was used to fill the channels 
and pockets. The prepared frameworks were air -dried, fired and 
polished. 

The blades with prepared surfaces are placed in the spraying 
chamber ( figure 2b) in which ingots of the alloy TiSAl and Al are 
loaded. The blades are heated to 750 °C and coated with the alloy 
TlSAl !« T After the" coatii^ reaches' abolit 150 mKm of plastic alloy, 
the aluminum starts to sublimate and the content of aluminum is 
increased in accordance with the intended program to 14% by weight, 
which corresponds to the intermetallic compound TijAl with a 
thickness of 50-80 mKm. 

The blade with the coating 4 is thermally treated in vacuum 
at 940°C for one hour, which causes the sublimation of the filler 
mixture and the elimination of the vapors through the channel • 
Aluminum from the filler mixture inoculates the inner surfaces and 
reduces the roughness. The coating structure is transformed from 
layered to homogeneous with the gradual transition of the plastic 
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alloy to an intennetallic compound, and becomes thjermally stable 
under the operating temperature of the blade. 

This technique does not restrict the size and shape of the 
channels and cavities, nor the shape and the size of the framework. 

Example #4 

Manufacture of a combustion chamber segment with a highly effective 

cooling system 

The framework is made of copper alloy, the channels on the 
surface are filled with the mixture based on sodium chloride, which 
is dried and sanded as described in the above examples* 

The coating is sprayed with the method in figure 2a from two 
independent sources: one is the sublimation of pure copper, the 
other of silver. The alternating work creates a multilayered 
structure which is transformed into a homogeneous composition that 
contains 4% by weight of silver in copper by means of vacuum firing 
at 750°C for 3 hours. 

To obtain a good structure without defects, the thin layer of 
pewter or aluminum is initially plated. This layer vanishes almost 
completely- aftt*r the thermal treatment. " — 

/Patent Officer I. A. Gorskaia/ 
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Table 1 - Composition of easily removed filler materials 



Prameworlc material 


Salt 


Sublimation temperature 




Nickel alloys 


NaF 


850°C 




MgF, 


980°C 




NaF-MgF; 


, 900°C 


Titanium alloys 


LiF 


750°C 


Copper alloy 8 


NaCl 


700°C 


Table 2 - Composition of the 


initial 


thin metal layer 


Nickel alloys 


Al, Al- 


■20%Y, Al-10%Si, Al alloys 


Titanium alloys 


Al, Al 


alloys 



^Copper" alloys ' " Al, Sh, Al alloys, Sh alloys 
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Claims of the invention 

1. A method of manufacturing hollow objects of elaborated shapes 
including the pref abrication of the framework made of an alloy which 
can assure the required constructional strength, and having grooves 
and/or pockets on the surface which correspond to the necessary 
internal dimensions of the finished product, filling the grooves and 
pockets with easily removed materials by means of spraying or in the 
form of dross, forming an outer coating shell with a desired 
thickness, removing the easily removed filler material from the 
formed channels, a thermoplastic treatment, characterized in that 
the manufacture of the outer coating shell of a desired thickness 
is carried out with the cathode-ray spraying method, a preliminary 
spraying of the framework with a thin layer of an easily melted 
metal or material to reduce any defects in the coating, where the 
layer is able to develop eutectic low-temperature with the coating 
material, and the easily removed filler material is removed by 
sublimation at the time of the thermal treatment. 

2 . A method as in claim 1 , characterized in that the outer 
coating shell is formed in layers to finally form a multilayered or 
gradually varying composition with a given chemical structure and 
physico-mechanical properties, followed by a thermoplastic treatment 
to obtain an outer coating shell of desired stable arid homogeneous 
structure, and a multilayered or gradually varying composition. 

3. A method as in claim 1, characterized in that chlorides and 
fluorides and /or their mixtures are used as the base of the easily 
removed filler material, the composition depending on the working 
temperature at the time of the coating, with active and inactive 
additives to improve the mechanical and thermal properties of the 
mixtures, and modifying the structure and the properties of the 
internal surfaces of the channels by means of the spraying process 
and the thermoplastic treatment. 

/Patent Officer I. A. Gorskaia/ 
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